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1. INTRODUCTION AND SUMMARY 

1.1 PURPOSE 

This document presents the following information concerning the 

AS-502 mission: 

a)  A summary of alternate mission capabilities and the 
associated mission profiles 

b) Alternate mission procedures, sequence of events, and 
the related trajectory data 

1 . 2  SCOPE 

The Spacecraft Operational Alternate Mission Plan for Apollo 

Mission AS-502 defined in this document presents the alternate mission 

cases  based upon contingencies during both the first and second S-IVB 

burns and during the first through the third ear th  parking orbit  revolutions. 

Pertinent trajectory data for  the above cases  a r e  presented in both tabular 

and graphical form as a function of contingency time. 

The alternate mission analysis is heavily dependent upon the nominal 

launch vehicle and spacecraft trajectories. 

s ta tes  used in this plan were obtained f rom the Launch Vehicle Operational 

Fl ight  Trajectory (Reference 1 ) ,  and the spacecraft  targeting parameters  

were obtained f rom the Spacecraft Operational Trajectory (Reference 2) .  

The initial vehicle trajectory 

1 .3  ALTERNATE MISSION DEFINITION 

By definition, the alternate mission is a non-nominal mission which 

may be used to accomplish par t  of the mission objectives in  the event that 

an inflight contingency prevents the execution of the nominal mission. 

alternate mission may be distinguished f rom the aborted mission by the 

difference in objectives. 

pa r t  of the mission objectives along with an acceptable command module 

(CM) recovery. 

situations, is primarily concerned with an acceptable CM recovery. All 

acceptable alternate missions initiated during the first S-IVB burn land in 

The 

The alternate mission attempts to achieve some 

The aborted mission, as a result  of peculiar contingency 

the Pacific; whereas, all acceptable aborts f rom the f i r s t  S-IVB burn 

0 



(except Mode IV aborts which a r e  essentially alternate mission cases)  land 

in the Atlantic, 

1.4 ALTERNATE MISSION PROFILE SUMMARY 

For  Mission AS-502, the alternate mission plan uses the preset  

nominal target of the first service propulsion system (SPS) burn. 

the contingency conditions permit a second SPS burn, the preset  target for  

that nominal burn is used. The entry profile flown f rom an alternate mis- 

sion guides the spacecraft toward the nominal preset  landing target in  the 

Pacific. 

When 

The first  SPS burn, which is nominally a retrograde burn, is used 

to reduce the orbital energy and t ransfer  the spacecraft f rom a typical 

lunar transfer trajectory into an earth capture ellipse with an apogee alti- 

tude of approximately 12,000 nautical miles and a perigee altitude of 

approximately 16 nautical miles. 

occurs during either of the S-IVB powered flight phases o r  during the ear th  

parking orbit, the nominal mission sequence may be initiated by com- 

manding separation of the S-IVB and the spacecraft command and service 

module (CSM). Once separation is commanded, the alternate mission 

begins, i f  no abort signal has been issued. 

In the event that a contingency situation 

The alternate mission sequence of events for  orientation and sepa- 

ration maneuvers is identical with that of the nominal mission profile 

(Reference 2). 

occurs in an attempt to achieve the nominal elliptical orbit  which has an 

eccentricity of 0. 63429326 and a semilatus rectum of 34, 340,227 feet 

(Reference 2). 
alternate and nominal missions. The above cr i te r ia ,  together with other 

mission characterist ics applicable to both nominal and alternate missions,  

a r e  summarized in Table 1. 

1. 4. 1 

At 98.3 seconds after CSM/S-IVB separation, SPS ignition 

The targeting c r i te r ia  for SPS burns are the same for both 

First S-IVB Burn 

No alternate mission capability exists if the contingency situation 

occurs during the f i r s t  75  percent of the nominal first S-IVB burn. 

contingency occurs before 36 percent of the first S-IVB burn has been com- 

pleted, any attempted SPS burn will be interrupted by the time of f r e e  fa l l  

(TFF)  to entry logic of the spacecraft  guidance and navigation (G&N) 

If the 

2 



system. F o r  contingencies occurring in the next 3 9  percent of the first 

S-IVB burn, the SPS would burn i n  a posigrade attitude to fuel depletion 

without achieving the nominal target ellipse; i n  addition, the resulting 

splash points would be unacceptable. 

be initiated rather than a n  alternate mission, 

F o r  these cases  abort action would 

If the contingency situation occurs af ter  the f i r s t  75  percent of the 

nominal first S-IVB burn, the posigrade SPS burn will result  in an accept- 

able Pacific splash point. 

achieved only if  the contingency occurs during the las t  14 percent of the 

nominal first S-IVB burn. Once this ellipse is achieved, the remaining 
SPS propellant may be used to accelerate the spacecraft pr ior  to entry. 

This acceleration is an attempt t o  achieve the nominal second SPS burn 

conic which is defined by an  eccentricity of 1.0 164386 and a semilatus 

rectum of 42,418,422 feet (Reference 2). This conic is designed to pro-  

duce heating conditions during entry which exceed those produced during 

the AS-501 mission. 

alternate missions from contingencies during the f i r s t  S-IVB burn because 

of insufficient SPS propellant. 

However, the nominal first SPS ellipse will be 

The second SPS conic can never be achieved for 

1. 4. 2 Earth Parking Orbit 

The alternate mission capability during ear th  parking orbit is simi- 

lar to the capability during the last 14 percent of the nominal first S-IVB 

burn. The nominal first SPS burn ellipse is achieved, and the remaining 

SPS propellant may be used to accelerate the spacecraft  pr ior  to entry 

without achieving the nominal second SPS burn conic. 

resulting splash points limit the number of command stations that may ini- 

tiate the alternate mission. 

However, the 

1.4. 3 Second S-IVB Burn 

For  a contingency situation which occurs during the f i r s t  78  percent 

of the second S-IVB burn, the SPS will burn in a posigrade attitude to 

achieve the nominal first SPS burn ellipse. 

occurs  during the remaining time of the second S-IVB burn, the SPS burns 

in a retrograde attitude to achieve the nominal first SPS burn ellipse. 

Once this ellipse is achieved, the remaining SPS propellant may be used 

in an  attempt to achieve the nominal second SPS conic. 

If the contingency situation 

If the contingency 
0 
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second SPS burn conic can be achieved with a second SPS burn. 

A flow chart for selecting either abort o r  alternate mission profiles 

for contingencies occurring during any phase of the mission is depicted in 

Figure 1. 

I . 
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2. ALTERNATE IvfISSION CAPABILITY 

2. I ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE FIRST S-IVB BURN 

The first contingency situation which can be considered for possible 

initiation of an alternate mission is the case of the S-IVB incurring a pre- 

mature cutoff or  a serious malfunction during its first burn while 

approaching parking orbit insertion. 

first S-IVB burn i s  a t  8 minutes 43. I seconds from lift-off, and the nomi- 

nal cutoff i s  at 10 minutes 52. 1 seconds, which represents a total burn 

time of 129.0 seconds (Reference 1). 

The nominal ignition time of the 

For contingencies during the first S-IVB burn, i f  an alternate m i s -  

sion is desirable, the resulting sequence of events would be identical with 

the nominal CSM/S-IVB separation sequence listed in Table I .  SPS igni- 

tion would occur 98. 3 seconds af ter  CSM/S-IVB separation, and the SPS 

would burn in a posigrade attitude in an attempt to achieve the nominal 

first SPS burn ellipse. 

propellant may be used to accelerate the spacecraft prior to entry. 

nominal second SPS burn conic cannot be achieved because insufficient 

propellant remains. 

Once the ellipse is achieved, the remaining SPS 

The a 
A primary constraint influencing alternate mission initiation for 

contingency situations during the first S-IVB burn i s  the time of free fall 

(TFF)  to entry interface interrupt logic. 

initiated by the guidance and navigation (G&N) system, prevents SPS igni- 

tion from occurring when the T F F  to entry is equal to, or l e s s  than, 200 

seconds. 

tion prior to entry. 

(Reference 3)  as well as to the alternate mission. 
occurs before 9 minutes 30. 0 seconds from lift-off, 46. 9 seconds after 

nominal f i rs t  S-IVB ignition, the T F F  interrupt will occur, and no al ter-  

nate mission will  be possible. 

This interrupt logic, which is 

The logic is used to  initiate CSM orientation for CM/SM sepana- 

This sequence applies to the nominal mission 

If the S-IVB contingency 

The analyses presented in  this report  indicate that the first desirable 

alternate mission f rom contingencies during the first S-IVB burn may be 
initiated at  10 minutes 20. 0 seconds from lift-off, 96. 9 seconds into a 

5 



the first S-IVB burn. 

Pacific CM splash point but does not achieve the nominal f i rs t  SPS burn 

ellipse. 

nate missions initiated during the las t  18 seconds of the nominal first 

S-IVB burn; the nominal second SPS burn conic can never be achieved. 

Pertinent alternate mission characteristics for  contingencies during the 

f i r s t  S-IVB burn a r e  listed in Tables 2 and 3. 

SPS burn time for contingencies during the first S-IVB burn. The apogee 

and perigee altitude and the inertial velocity and flight-path angle at entry 

resulting from alternate missions initiated during the first S-IVB burn a r e  

illustrated in  Figures 3 and 4, respectively. 

alternate missions during the first S-IVB burn a re  mapped in Figure 5. 
Figure 6 depicts a summary of alternate mission and abort opportunities 

for contingencies during the f i r s t  S-IVB burn. 

This alternate mission results in  an acceptable 

The nominal f i r s t  SPS burn ellipse can be attained only for alter-  

Figure 2 illustrates the 

The CM splash points f rom 

2. 1. 1 Fi r s t  Point to Achieve an Acceptable Pacific Landing 

As shown in Figure 5, the f i rs t  alternate mission that achieves an 

acceptable Pacific landing can be initiated at  10 minutes 20 seconds from 

lift-off, 96. 9 seconds after nominal f irst  S-IVB ignition. 

i s  approximately 650 nautical miles west of the North American mainland 

which i s  believed to be sufficient range to  allow for reasonable dispersions. 

This splash point 

An alternate mission initiated at this t ime will not achieve the nom- 

The SPS will burn to fuel depletion, attaining inal f i r s t  SPS burn ellipse. 

an ellipse with a 10, 859-nautical mile apogee altitude and a 22-nautical 

mile perigee altitude. This ellipse will  result  in an inertial  velocity at 

entry of 32, 568 feet per second and an inertial  flight-path angle a t  entry 

of 5. 05 degrees below the local horizontal. 

characteristics for this case a r e  given in Table 4. 

tracking and communications coverage available during the SPS burn. 

should be noted that there is a region during the middle of the burn for 

which no coverage exists (approximately 3 minutes). 

Applicable alternate mission 

Figure 7 i l lustrates the 

It  

2. 1. 2 F i r s t  Point to Achieve the Nominal First SPS Burn Ellipse 

A unique alternate mission exists which has the capability to achieve 

the nominal f i r s t  SPS burn ellipse from contingencies during the f i r s t  
S-IVB burn. The case is unique in that i t  is the first contingency situation 
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. 

for  which an SPS guidance cutoff occurs. A s  shown in Figure 2, the f i rs t  

alternate mission from contingencies during the nominal first S-IVB burn 

that achieves the nominal f i rs t  SPS burn ellipse occurs at 1 0  minutes 

34 seconds from lift-off, 110. 9 seconds into the nominal first S-IVB 

burn. 

characterist ics and indicates that an inertial velocity of 32, 806 feet per 

second and an inertial flight-path angle of 5. 952 degrees below the local 

horizontal a r e  achieved at entry fo r  the above alternate mission. These 

values a re  identical to those obtained from the nominal first SPS burn. 

The tracking and communications coverage available during the SPS burn 

phase is presented in Figure 8. 

during the middle of the burn for which no coverage exists (approximately 

2. 5 minutes). 

Table 5 provides a synopsis of the applicable alternate mission 

It should be noted that there is a region 

2.2 ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE FIRST THROUGH THE THIRD EARTH PARKING 
ORBIT REVOLUTIONS 

The nominal first S-IVB burn places the spacecraft, which i s  st i l l  

attached to the S-IVB stage, in a near earth circular parking orbit of 

approximately 100 nautical miles altitude. A t  the end of two revolutions 

in ear th  parking orbit, the nominal mission calls for second S-IVB ignition 

to occur at a longitude position near the launch site. 

tions may occur during these parking orbit revolutions which would require 

sending the CSM/S-IVB separation signal. A similar situation would exist 

i f  the second S-IVB ignition does not occur. 

that the spacecraft will have approximately one more revolution in parking 

orbit to achieve S-IVB ignition before the S-IVB critical systems lifetime 

has expired. 

through the third earth parking orbit revolutions. 

Contingency situa- 

For this case, it is assumed 

Alternate missions have thus been considered from the first 

Fur dUrkiiig tiie hrst tliro.ugli the iiiiPd par7KiIig 

orbit revolutions, if an alternate mission is desirable, the resulting 

sequence of events would be identical with the nominal CSM/S-IVB separa- 

tion sequence. 

separation in an attempt to achieve the nominal first SPS burn ellipse. 

The SPS would burn to guidance cutoff in a posigrade attitude to achieve 

the nominal first SPS burn ellipse. 

SPS ignition would occur 98. 3 seconds after CSM/S-IVB 

0 A small  amount of SPS propellant 
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remains (equivalent to  17. 00 seconds of SPS burn time) and may be used 

to accelerate the spacecraft prior to entry, but the nominal second SPS 
conic cannot be achieved. 

Figure 9 presents the tracking and communications coverage avail- 

able during the three revolutions in earth parking orbit. 

that the CSM/S-IVB separation signal can be sent only by command track- 

ing stations which have ultra-high frequency (UHF) or unified S-band (USB) 

capability. However, acceptable CM splash points limit the number of 

command tracking stations that can be considered for alternate mission 

initiation. If the alternate mission is initiated by Guaymas, White Sands, 

Texas, Cape Kennedy, Patrick A i r  Force Base, Grand Bahama, Bermuda, 

o r  the Insertion Ship, an acceptable CM splash point will be reached. 

Tables 6 and 7 present the characteristics for alternate missions initiated 

by three of the considered command stations (Guaymas, Texas, and 

Insertion Ship). 

2.3 ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 

It i s  assumed 

DURING THE SECOND S-IVB BURN 

The third contingency situation to be investigated for the AS-502 

mission is the case in which the S-IVB experiences a serious malfunction 

during the second burn while leaving earth parking orbit. The ignition 

time of the second S-IVB burn is 3 hours 10 minutes 9.4 seconds f rom 

lift-off, and the cutoff is at  3 hours 15 minutes 3 6 .  7 seconds, which 

represents a total burn time of 327. 3 seconds. 

A s  i n  the case of the previously discussed contingencies for alternate 

missions, the SPS is ignited 98. 3 seconds after CSM/S-IVB separation. 

The SPS experiences a guidance cutoff achieving the nominal first SPS 

burn ellipse. After attaining the target ellipse, some SPS propellant 

remains for all cases. 

to achieve the nominal inertial velocity and flight-path angle a t  entry. 

second SPS burn is a.scheduled guidance event which is identical t o  that of 

the nominal mission (Table 1). 

end of the flight when T F F  to entry interface is 509. 089 seconds. 

nominal entry conditions, which depend on achieving the second SPS conic, 

A second SPS burn may be desirable in an attempt 

The 

The second SPS ignition occurs near the 
The 
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can be achieved by a second SPS burn for  contingencies occurring after 

3 hours 1 2  minutes 48 seconds from lift-off, 158.6 seconds after the nom- 

inal second S-IVB ignition. The first  SPS burn wil l  occur in a retrograde 

attitude for alternate missions from contingencies after 3 hours 14 minutes 

24 seconds from lift-off, 254.6 seconds after the nominal second S-IVB 

ignition. 

lift-off, 262. 6 seconds after the nominal second S-IVB ignition, will 

experience the minimum firs t  SPS burn time of 125.63 seconds to achieve 

the nominal f i r s t  SPS burn ellipse and the maximum second SPS burn time 

of 232. 22 seconds to achieve the nominal second SPS burn conic. 

A contingency occuring at 3 hours 1 4  minutes 32 seconds from 

Significant alternate mission characterist ics,  including heating 

characterist ics during entry, a r e  illustrated in Tables 8 and 9 for con- 

tingencies during the second S-IVB burn, with or without a second SPS 

burn. Figures 11 and 1 2  depict the entry conditions resulting from alter-  

nate missions during the second S-IVB burn, with or without a second SPS 

burn. 

As may be noted in  Figure 13, all alternate missions with a second SPS 
burn capability land in the target area. 

The CM splash points for these cases a re  mapped in Figure 13. 

2. 3. 1 No Second S-IVB Burn 

The case of no second S-IVB burn was investigated to determine the 

alternate mission capability from a contingency at  nominal second S-IVB 

ignition (3 hours 10 minutes 9. 4 seconds from lift-off). 

trajectory characteristics for this case a r e  listed in Tables 10 and 11 with 

or  without a second SPS burn. 

The pertinent 

Since this case does not benefit f rom the AV of the second S-IVB 

burn, it is similar to  the alternate mission cases  from earth parking orbit. 

The nominal first SPS burn ellipse is achieved, but insufficient SPS pro- 

pellant remains to achieve the nominal second SPS burn conic. The CM 

splash point for this case is included with the other splash points for alter- 

nate missions during the second S-IVB burn in  Figure 13. Tracking and 

communications coverage during the SPS burns for the case of no second 

S-IVB burn i s  shown in Figure 14. 

a r e  adequately covered. 

The figure indicates that the SPS burns 

0 
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2. 3. 2 First Point to Achieve the Nominal Second SPS Burn Conic 

Another unique case for alternate missions originating during the 

second S-IVB burn is the first contingency situation which will permit the 

second SPS burn guidance cutoff and thus achieve the nominal second SPS 
target conic. This conic is designed to produce the nominal entry condi- . 
tions (inertial velocity equals 36, 500 feet per second, flight-path angle 

equals 6.495 degrees below the local horizontal) which, in  turn, produce 

the desired heating objectives described in Reference 2. 

Figure 10 i l lustrates that a contingency time of 3 hours 1 2  minutes 

48 seconds from lift-off, 158.6 seconds into the second S-IVB burn, 

is the earliest  point when an alternate mission may be initiated that can 

accomplish both the nominal first SPS burn ellipse and the nominal second 

SPS burn conic. 

through the second S-IVB burn. 

this case a r e  presented in  Table 12. 

This corresponds to a time approximately 49 percent 

The significant trajectory parameters  of 

Tracking and communication coverage during both of these SPS burns 

is shown i n  Figure 15 and appears satisfactory. 

10 
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Table 1. Characteristics Common to Nominal and Alternate Missions ( 1 )  

0 Launch at  1300 hours (GMT),(2) 20 March 1968 

0 CSM/S-IVB trajectory (Reference I )  

0 CSM/S-IVB separation sequence (Reference 2) 

I )  
2) CSM/S-IVB separation 

3) 

4) 

1. 7-second ullage prior t o  physical separation 

8. 3 seconds of spacecraft plus X-axis translation 

90 seconds of spacecraft reorientation and attitude hold 

0 First SPS burn ellipse 

Semilatus rectum = 34, 340, 227 feet 

E ccent ri city = 0.63429326 

0 Second SPS ignition signal 
Time of f r ee  fall (TFF) to  entry = 509.089 seconds 

0 Second SPS burn conic 

Semilatus rectum = 42, 418, 422 feet 

E ccentri ci ty = 1.0164386 

0 SPS usable propellant for alternate missions (Reference 4) 
31, 632 pounds (equivalent to 460. I seconds of total burn time) 

0 CM/SM separation sequence (Reference 2) 

I) 

2) 

3) 

CM/SM orientation prior to separation when T F F  = 200 seconds 

CM/SM separation when T F F  = 85 seconds 

CM/SM orientation for entry when T F F  = 80 seconds 

0 Drogue chute deployment 

Altitude = 23, 500 feet  

0 Main chute deployment 

Altitude = I O ,  200 feet 

0 CM splash target 

Geodetic latitude = 
Longitude = 157. 179' West 

27. 323' North 

("The constants contained i n  this report a re  appliable only t o  the data 
contained in this report. 
official source to revise data when necessary. 

(2)0800 hours, EST 

The latest data specification will be used as  the 

11 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE FIRST S-IVB BURN 

20 
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2 -  dii 
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CONTINGENCY TIME FROM NOMINAL FIRST S-IVB IGNITION (SEC) 

t I I 1 1 

00: 09: 00 00: 09: 30 00: 10: 00 00: 10: 30 00: 1 1 :oo 
CONTINGENCY TIME FROM LIFT-OFF (HR:MIN:SEC) 

Figure 2. SPS Burn Time for Contingencies During the First 
S-IVB Burn 



ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE FIRST S-IVB BURN 
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Figure 3. Apogee and Perigee Altitude for Contingencies During 
the First S-IVB Burn 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE FIRST S-IVB BURN 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE SECOND S-IVB BURN 

I 1 I I I I 
03: 10:30 03:11:30 03: 1 2: 30 03: 13: 30 03: 14: 30 03: 15: 30 

CONTINGENCY TIME FROM LIFT-OFF (HR:MIN:SEC) 

Figure 10. SPS Burn Time fdr Contingencies During the Second 
S-IVB Burn 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE SECOND S-IVB BURN 

Figure 11. Inertial Velocity and Flight-path Angle at Entry 
for Contingencies During the Second S-IVB Burn 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE SECOND S-IVB BURN 
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Figure 12. Maximum Acceleration, Heat Rate, and Total Heat 
Load During Entry for Contingencies During the 
Second S-IVB Burn 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE SECOND S-IVB BURN 
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NOTE: ACQUISITION AND LOSS OF SIGNAL BASED ON A 5-DEGREE ELEVATION ANGLE 

Figure 14. Tracking and Communications Coverage versus SPS 
Burn Time; Case of No Second S-IVB Burn 
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ALTERNATE MISSION CAPABILITY FROM CONTINGENCIES 
DURING THE SECOND S-IVB BURN 
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